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Abstract 
The paper presents issues related to the functioning of storage areas on roundabouts with traffic signals with high and very high 
traffic volumes. This kind of intersection is commonly used in the centres of Polish cities on multilane roads and fairly common in 
the case of tram lines running through a central island. The increase of traffic flow volumes on left turn and U-turn has made this 
type of roundabout difficult to operate. Small storage areas around central islands are critical places that significantly influence the 
capacity of this kind of intersection. The use of multiphase traffic signals causes major lengthening of crossing time for pedestrians 
which results in pedestrian delays at this kind of intersection. During the conducted analyses, microscopic models carried out in 
Transyt program, were used. They enabled the reconstruction of the traffic conditions and a few other important issues while 
assessing their capacity.  
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1. Introduction 
Roundabouts with traffic signals are commonly used solutions on the network of multilane roads in big cities with 
high and very high traffic volumes. They are characterized by tangential entry design in order to create one-way 
internal storage areas, located around the central island. Straight-through vehicle movement runs mostly on an 
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unchanged trajectory, whereas vehicles that turn left or U-turn have to drive to the storage area where they wait for 
the opportunity to leave the intersection. The advantage of this solution is its very high capacity reaching up to 8000 
E/h, at the capacity of the storage area (ratio of turning left or U-turn) at the level of 250-600 E/h (Tracz et al., 2001; 
Gardziejczyk and Motylewicz, 2012; Chodur and Tracz, 2012), depending on the configuration, size of the storage 
area and the length of the traffic signals cycle. 
The geometry of the intersection is the result of tangential entry design which affects the size of the area of the 
roundabout thereby increasing the distance which pedestrians have to cross. The consequence of this solution is the 
use of long intergreen time or multistage crossings for pedestrians. This results in longer crossing time for pedestrians 
who have to wait several times for a green light. 
2. Literature 
At the beginning roundabouts with traffic signals were designed with two-phase traffic signals on entry. The 
increase of traffic flow volumes, especially on left turn and U-turn, has made this type of roundabout difficult to 
operate. Small storage areas around central islands are critical places that significantly influence the capacity of this 
kind of intersection. This created the need for the use of multiphase traffic signals and the implementation of additional 
traffic signals on the islands. 
Despite many advantages of this kind of intersection, there are also drawbacks, at times causing significant 
reduction of capacity and a negative influence on the surrounding road network (Tracz et al., 2001; Gardziejczyk and 
Motylewicz, 2012 Chodur and Tracz, 2012): 
x large intersection area required; 
x significant reduction of left and U-turn capacity in the case of tram lines in the storage area; 
x reduction of storage area by improperly entered and positioned vehicles; 
x deterioration of pedestrian movement by lengthening the intersection crossing times; 
x increase in number of conflict points in case of typical intersections with left turn;  
x difficulty for drivers to assess the possibility of passing through the intersection when the storage area is blocked;  
x occurrence of vehicles blocking the intersection.  
Traffic signals on this type of intersection must be located both on the entries of the intersection and the exits of 
the storage areas (Narozny. 2007; Rozporządzenie, 2003), (Fig. 1).  
Roundabouts with traffic signals are characterized by high overall intersection capacity of about 4000 to 8000 
veh/h. This value depends on the number of entry lanes, the size of the storage area and the existence of tram lines 
which significantly limits the size of this area (Tracz et al., 2001) 
Proper functioning of roundabouts with traffic signals, depends mostly on the efficient functioning of the area 
around the central island. In the case of insufficient capacity within the storage areas (not enough area for vehicles) 
the reduction of capacity on entries may appear and consequently obstruction in crossing the intersection on remaining 
entries and/or directions. As a consequence, the intersection will be blocked and may have a negative influence on 
other intersections located nearby. 
The capacity of straight lanes in the storage area on the central island is calculated with the formula (Tracz and 
Chodur, 2012; Tracz et al., 2004): 
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where: 
Fa – number of vehicles in storage area [Veh] 
Ca – capacity of straight lanes in storage area [Q/h] 
la – the length of storage area on straight lanes [m] 
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L – average length of vehicles [m] 
n – the number of straight lanes [nb] 
T – the length of signal cycle [s] 
 
 
Fig. 1 The example of location of traffic signals on roundabout with tram lines 
Important design criteria related to the proper working of the storage area is the maximum number of vehicles 
entering the area during the time cycle (vehmax). This value should not be higher than the number of vehicles that this 
area can accommodate (Tracz et al., 2004). 
3. Analysis area 
In this paper the authors present problems connected with the traffic signals setting, resulting from high traffic 
volumes on two roundabouts with traffic signals in Gdansk: Slowackiego – Grunwaldzka – Kosciuszki, Waly 
Jagiellonskie - Targ Drzewny – Hucisko. 
On the basis of conducted measurements of traffic at the intersection Slowackiego – Grunwaldzka – Kosciuszki, it 
was ascertained that high traffic volumes, pedestrian movement and tram traffic volumes occur. Between 7:00 - 10:00 
and 13:00 -19:00 , traffic volume exceeds 5.000 veh/h, share of trucks varies from 2,4 to 7,5%, average tram volume 
amounts to 40 in both directions. Total pedestrian movement between 7:00—8:00 and 10:00-20:00 exceeds 1000 
Pds/h. At the time of conducting the measurements the intersection was operated with two-phase traffic signals in the 
time cycle phase of 100 seconds. 
Waly Jagiellonskie - Targ Drzewny – Hucisko intersection is the main intersection in the centre of Gdansk. Similar 
to the first intersection, high pedestrian movement and high traffic volume occur. Between 7:00 - 19:00 traffic volume 
exceeds 5.500 veh/h, the share of trucks varies from 0,5 to 7%, average tram volume amounts to 70 in all directions. 
Total pedestrian movement between 7:00—8:00 and 13:00-20:00 exceeds 1000 Pds/h. At the time of conducting the 
measurements the intersection was operated with the two-phase traffic signal, the length of cycle was 95 seconds. 
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Slowackiego – Grunwaldzka – Kosciuszki Waly Jagiellonskie - Targ Drzewny – Hucisko 
  
Fig. 2. Photographs of analysed intersections. 
4. Storage area 
4.1. Storage area capacity 
Conducted analyses show that the capacity of the storage area of the roundabout with traffic signals is influenced 
by a number of factors. In most cases they are interdependent, one influencing the other which can in turn impact 
another. This presents significant difficulties in correct design of traffic signal programs at this kind of intersection 
(Kania, 2006). 
 
 
Fig. 3. Capacity of storage area depending on the number of lanes, the length of the storage area and the length of time cycle.  
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4.2. Occurrence of tram lines in storage area 
Tram lines occur on many of this kind of intersection in Poland. As well as moving straight, trams also turn to the 
left or right. According to Polish law, vehicles are prohibited from waiting on a tram line within the storage area. In 
reality however, many vehicles do wait on the tram lines, which prevents the trams crossing. 
We deal with two cases, when the stop line is before the tram lines (type A) and the second case, where there is no 
limitation of this kind (type B). On the basis of conducted observation on analysed crossings it was ascertained that 
in the case of additional stop lines at signals most drivers respected the law, however where there was no stop line 
drivers did not respect their obligation to leave the tramway area clear. 
On Waly Jagiellonskie - Targ Drzewny – Hucisko intersection at the left turns EL direction and SL direction a 
measurement of vehicles stopping on tram lines was conducted (both type A). Altogether 94 cycles were analysed, at 
EL direction vehicles stopped in almost 70% of cycles on the entire storage area, however at SL direction the rate was 
43%. It must be emphasized that high tram movement occurs at this intersection (average 70 trams per hour) which 
often prevents the entry of vehicles, hence stopping on the tram lines. In the case of SL direction, the number of trams 
is much higher therefore a lower number of cycles occurred in which vehicles would wait in the storage area on the 
tram lines. 
On Kosciuszki - Grunwaldzka – Slowackiego intersection, similar observations were made for SL direction. In this 
case, similarly, in over half of the cycles vehicles used the entire storage area.  
Conducted analyses clearly show that in the case of insufficient storage area capacity (too short section without 
tram lines) drivers do not respect the law by waiting to cross in this area, which often prevents trams crossing (Chrobot 
et al., 2012; Chodur et al., 2011). 
Table 1. Collation of data from storage area, capacity, number of vehicles entering during time cycle, share of 
vehicles waiting on tram lines  
Kosciuszki - Grunwaldzka – Slowackiego 
Direction 
vehL L N 
la Ca TWAY 
A B A B 
% 
[veh/h] [m] [number] [m] [m] [veh/h] [veh/h] 
EL 234 6,4 3 23 - 389 -  
SL 260 6,6 2 26 18 293 203 50 
WL 102 6,4 3 20 - 338 -  
NL 273 6,3 2 12 - 135 -  
Waly Jagiellonskie - Targ Drzewny – Hucisko 
Direction 
VehL L N 
la Ca  
A B A B  
[veh/h] [m] [number] [m] [m] [veh/h] [veh/h]  
NL 185 6,2 2 16,5  201   
EL 444 6,2 3 28 20,6 512 376 70 
SL 258 6,3 2 27 15 326 181 43 
WL 155 6,7 3 15,1  255   
  
Symbol A - total length of storage area (including tram line if it occurs), B - length of accumulation without tram 
line (measurements were conducted only in the absence of additional stop lines), TWAY-percent of cycles in which 
vehicles stopped on tram lines.  
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5. Pedestrian movement 
Tool for microsimulation modeling and software for optimization of traffic signaling, Transyt TRL, was used for 
conducting detailed analyses of pedestrian movement and vehicle traffic on intersection Kosciuszki - Grunwaldzka – 
Slowackiego (Narożny. 2007). 
Transyt is a commonly used program for optimization and coordination of traffic signals in arteries and intersection 
networks. The process of optimization is conducted by searching for such parameters of a fixed-time traffic signals 
cycle, at the given traffic flow volumes, for which index PI (Performance Index) is the lowest (Gumińska et al., 2011; 
University, 2004) 
Average delay times during crossing a selected entry were calculated for pedestrian movement; two adjacent entries 
depending on the length of the cycle on the intersection. Picture 4 presents the scheme of the intersection with the 
position of pedestrian crossings included in the calculation. Two variants of crossing the intersection by pedestrians 
were analysed: 
x First variant for a pedestrian route assumes crossing the intersection by pedestrians through one arm (intersection 
entrance and exit). The possibility of a two step crossing was assumed (in two pedestrian green phases), 
x Second variant for a pedestrian route assumes crossing the intersection by pedestrians through two arms (two 
entrances and two exits). For each of the two entrances, the possibility of a two-step crossing was assumed (in two 
phases) (Hatoyama & Segi, 2010). 
x For both variants the same cycle time, phase sequence, length of the phases and traffic volume were adopted  
Calculated pedestrian route – Scenario 1 Calculated pedestrian route – Scenario 1 
  
Fig. 4.Photographs of pedestrian route locations. 
Average delay times are the difference between crossing time and waiting for the crossing of a given section 
compared to crossing that way at an average speed of 1,4 m/s. This value is the maximum speed assumed for 
measurements of traffic signal programs in Poland. 
17 lengths of cycles from 60 to 140 seconds at 5-second interval were analysed. Four-phase fixed-time signal 
program was adopted for this analysis (Fig 5). Optimization of the length of each phases was made for each cycle 
time. 
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Fig. 5 Stage sequence diagram for Kosciuszki - Grunwaldzka – Slowackiego intersection 
Due to lack of capacity for vehicle traffic, for further analyses only such cycle lengths were assumed which ensured 
capacity, the other did not meet the assumed conditions. In the next step calculated programs of traffic signals were 
entered to microscopic model TRANZYT in which average pedestrian delays on selected routes were calculated (table 
2 fig. 5). 
In case of necessity of crossing the intersection through one arm (variant 1) it is demonstrated that the estimated 
average pedestrian delay is higher than vehicle traffic delay by almost 60% to over 100%. Only in the case of the 
shortest of cycle lengths is there the opposite situation. It is the result of minimal reserves in capacity for vehicles 
which causes high delays. 
Table 2. Length of the pedestrian route and crossing time 
Inter. arm 
Length Theoretical crossing time Inter. arm 
Length Theoretical crossing time 
[m] [s] [m] [s] 
N 64,9 46,4 N+E 91,7 65,5 E 47,8 34,1 
S 80,1 57,2 
S+W 133,0 95,0 W 32,3 23,1 
 
It was observed that with the increase in the length of the pedestrian route the opportunity to cross the intersection 
through one phase decreases. When the distance increases, pedestrians are forced to cross in more than one phase 
(multiphase crossing for pedestrians), they have to wait for a green light enabling the crossing both on intersection 
entrance and exit in one phase dedicated to pedestrian movement. This situation increases their delay of crossing.  
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Table 3. Collation of average delays 
Time cycle 
Pedestrians (Pds) 
Traffic 
Variant 1 Variant 2 
[sec/pds] [sec/pds] [sec/veh] 
95 74,9 116,4 111,7 
100 67,5 112,2 41,9 
105 81,6 131,9 36,2 
110 78,9 114,9 38,4 
115 82,9 121,7 38,9 
120 70,9 107,9 40,9 
125 74,8 115,5 43,2 
130 78,9 121,9 43,5 
135 92,1 137,0 45,9 
140 72,7 99,0 46,2 
 
In the case of shorter distances and increased cycle length it is possible to cross both the entrance and the exit in 
one phase dedicated to pedestrians.  
In variant 2 the average time loss increased by over 50% compared to variant 1. Average pedestrian delays vary in 
cycle length for the whole intersection. Only for the cycle length of 140 were lower results obtained, it is a consequence 
of a relatively long green phase on entrances E and W which gives the opportunity to cross in one phase.  
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Fig. 6. Collation of average pedestrian and traffic delays   
 
6. Summary 
According to conducted analyses on roundabouts with traffic signals it was observed that the functioning of this 
kind of intersection depends largely on efficient functioning of all areas around the central island. In the case of 
insufficient capacity in the storage area drivers use the entire areas disregarding Polish law by waiting on tram lines 
and hindering tram movement. 
The strategic importance in the functioning of this type of intersection has factors connected with the geometry of 
the intersection, traffic organization and traffic signal parameters. 
The geometry of the intersection has significant impact on pedestrian movement. Tangential entry design lengthens 
pedestrian crossing times. This solution negatively influences crossing time and requires the introduction of multistage 
pedestrian crossings. It lengthens crossing time for pedestrians and increases delay times, compared to vehicles, by a 
factor of two.  
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